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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

METHOD AND APPARATUS FOR 
SHIELDING AN INTEGRATED 
CIRCUIT FROM RADIATION 

Background of Invention 

[0001] Field of the Invention 

[0002] The present invention relates generally to integrated circuits. More specifically, 
but without limitation thereto, the present invention relates shielding integrated 
circuits from ionizing radiation and x-rays. 

[0003] Discussion of the Background Art 

[0004] In many radiation environments electronic circuits must be shielded from ionizing 
radiation and x-rays in order to function properly. For example, in a space 
environment, circuit die must be shielded from ionizing radiation or the circuit may 
fail to function properly. In other environments, e.g., where the risk of exposure to 
artificial nuclear radiation is high, the circuit must be shielded from x-rays. 

[0005] Previous practices use an ionizing radiation shield to shield from ionizing 

radiation found in the natural space environment. Ionizing radiation found in the 
natural space environment is comprised primarily of electrons and protons with a 
small number of ionized highly energetic heavy ions. The electrons and protons 
contribute to the integrated radiation damage of a semiconductor device and is 
frequently called ionizing radiation. Ionizing radiation creates total dose damage in 
electronic circuits. The damage is frequently cumulative over the entire time the 
device is in space or in the ionizing radiation environment. Since, for the most part, 
the ionizing radiation found in space is isotropic, incomplete coverage of package 
shielding allows for only a percentage of radiation to leak through, which percentage 
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can be predetermined. As shown in Fig. 1 , by way of example, this radiation leakage 
occurs through the sides of the packaging where there is no radiation shielding 
material. Ionizing radiation comes from every direction, therefore allowing a certain 
amount of side radiation leakage is acceptable as long as it does not exceed the total 
dose tolerance of the circuit die. 

[0006] In contrast, x-ray radiation resulting from, e.g., artificial nuclear detonations 
comes from substantially a single direction, which in many instances can not be 
predetermined. This type of x-ray radiation, or burst radiation, usually comes from a 
man-made event such as a nuclear detonation. X-ray radiation usually generates dose 
rate damage in electronic devices, because of the extremely short time frame that the 
burst exist. This type of damage is different from the slower total dose damage that 
occurs for the natural space radiation environment. X-ray radiation is electromagnetic 
and therefore the shielding effectiveness of materials is different from that of ionizing 
radiation. Additionally, since the direction from which x-ray radiation, such as burst 
radiation, will come can't be predetermined and because substantially all of such 
radiation comes from substantially a single direction, the shielding shown in Fig. 1 is 
insufficient as a very large dose of x-ray radiation could come from an angle which is 
not protected. 

[0007] Fig. 1 illustrates a shielding package designed to shield from ionizing radiation, 
such as found in a natural space environment. 

[0008] Fig. 1 shows a radiation shielding top 102, a radiation shielding bottom 104, a 
plurality of circuit die 1 06, a plurality of conductors 1 08, a base 1 1 0, and a line of 
sight angle 1 12. 

[0009] As shown in Fig. 1 , the plurality of circuit die 1 06 are shielded by the radiation 

shielding top 102 and the radiation shielding bottom 104. This shielding is sufficient 
to shield the plurality of circuit die 1 06 from an amount of radiation greater than the 
total dose tolerance of the plurality of circuit die 1 06. However, the line of sight angle 
1 12 represents an exposed line of sight not protected by shielding material. 
Therefore, burst radiation coming from within the line of sight angle 1 1 2 may directly 
impact with the plurality of circuit die 1 06 and cause severe damage or destroy the 
operation of the plurality of circuit die 106. 
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[001 0] Thus there is a need for package design to eliminate the problems discussed 
above. 

Summary of Invention 

[001 1] The present invention advantageously addresses the need above as well as other 
needs by providing a radiation shielding integrated circuit device. 

[0012] In one embodiment the present invention includes a radiation shielding integrated 
circuit device comprising a x-ray shielding layer for shielding an electronic circuit 
device from receiving an amount of x-rays greater than the total dose tolerance of the 
electronic circuit device; a base coupled to the x-ray shielding layer; a radiation 
shielding top coupled to the base; a radiation shielding bottom coupled to the base; 
and the electronic circuit device coupled to the x-ray shielding layer; wherein the 
electronic circuit device is shielded from receiving an amount of radiation greater than 
a total dose tolerance of the electronic circuit device. 

[001 3] In another embodiment the invention can be characterized as a method of 

shielding an integrated circuit device comprising forming a radiation shielding top and 
a radiation shielding bottom to shield the integrated circuit device from receiving an 
amount of radiation greater than a total dose tolerance of the integrated circuit 
device; forming a x-ray shielding layer; and selecting a thickness for the x-ray 
shielding layer to shield the integrated circuit device from x-rays such that the 
integrated circuit device receives an amount of x-rays less than the total dose 
tolerance of the integrated circuit device. 

[001 4] In yet another embodiment the invention advantageously includes method of 

shielding an integrated circuit device comprising forming a cavity in a base; forming a 
radiation shielding coating layer within the cavity in the base; coupling the integrated 
circuit device to the radiation shielding coating layer; and coupling a radiation 
shielding lid to the integrated circuit device package such that there is no line of sight 
angle at which x-rays could reach the integrated circuit device. 

[001 5] |n a subsequent embodiment the present invention includes a radiation shielding 
integrated circuit device comprising a base; a first x-ray shielding layer coupled to the 
base; a second x-ray shielding layer coupled to the base; a first circuit die coupled to 
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the first x-ray shielding layer; a second circuit die coupled to the second x-ray 
shielding layer; a radiation shielding top coupled to the base; and a radiation 
bottom coupled to the base; wherein the thickness of the x-ray shielding layer is 
selected to shield the first circuit die from receiving an amount of x-rays greater than 
the total dose tolerance of the first circuit device; wherein the thickness of the second 
radiation shielding tub is selected to shield the circuit die receiving an amount of x- 
rays greater than the total dose tolerance of the second circuit device. 

Brief Description of Drawings 

[001 6] The present invention is illustrated by way of example and not limitation in the 
accompanying figures, in which like references indicate similar elements, and in 
which: 

[001 7] Fig. 1 illustrates a prior art shielding package designed to shield from radiation; 

[001 8] Fig. 2 illustrates a shielding package with no line of sight path for radiation to the 
integrated circuit; 

[001 9] Fig. 3 illustrates a side view of another embodiment of a shielding package with 

no line of sight path for radiation to the integrated circuit; 

[0020] Fig. 4 illustrates a top view of the shielding package with no line of sight path for 
radiation of Fig. 3; 

[0021] Fig. 5 illustrates a side view of another embodiment of a shielding package with 
no line of sight path for radiation to a plurality circuit die; 

[0022] Fig. 6 illustrates a top view of the shielding package with no ling of sight path for 
radiation of Fig. 5; 

[0023] Fig. 7 illustrates a side view of a shielding package formed with a coating layer; 

[0024] Fig. 8 illustrates a top view of the shielding package of Fig. 7; 

[0025] Fig. 9 illustrates a side view of a shielding package formed with coating layer and 
separate side coating layers; and 

[0026] Fig. 1 0 illustrates a top view of the shielding package of Fig. 9. 
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[0027] Skilled artisans will appreciate that elements in the figures are illustrated for 

simplicity and clarity and have not necessarily been drawn to scale. For example, the 
dimensions of some of the elements in the figures may be exaggerated relative to 
other elements to help to improve understanding of embodiments of the present 
invention. 

Detailed Description 

[0028] Fig. 2 illustrates a shielding package with no line of sight path for radiation to the 
integrated circuit. 

[0029] Fig. 2 shows a radiation shielding lid 202, a radiation shielding bottom 204, a first 
circuit die 206, a second circuit die 208, a first radiation shielding tub 2 1 0, a second 
radiation shielding tub 212, a plurality of conductors 214, a first spacing ring 216, a 
second spacing ring 218, a base 220, and an angle 222. 

[0030] The first circuit die 206 is coupled to the first radiation shielding tub 210 such 
that the first circuit die 206 is sitting inside of the first radiation shielding tub 210. 
The first radiation shielding tub 210 has a bottom and a sidewall. The first radiation 
shielding tub 21 0 is coupled to the base 220. The radiation shielding lid 202 is also 
coupled to the base 220 through a first spacing ring 216 and provides shielding for 
the first circuit die 206. The second circuit die 208 is coupled to the second radiation 
shielding tub 21 2. The second radiation shielding tub 21 2 is coupled to an opposite 
side of the base 220 from the first radiation shielding tub 210. The radiation shielding 
bottom 204 is coupled to the base 220 through a second spacing ring 21 8 and 
provides shielding for the second circuit die 208. The sidewall extends upward far 
enough above the first circuit die 206 that no line of sight angle to the first circuit die 
206. 

[0031] radjation shielding lid 202 and the first radiation shielding tub 21 0 are 

positioned such that there is no line of sight angle to the first circuit die 206. Having 
no line of sight angle to the first circuit die 206 means that there is no angle which 
radiation traveling in a straight line will be able to contact the first circuit die 206 
without first contacting the radiation shielding lid 202 or the first radiation shielding 
tub 210. The sidewalls of the first radiation shielding tub 210 extend far enough 
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above the first circuit die 206 that there is no line of sight radiation that could hit the 
first circuit die 206. Thus, radiation coming from any angle must contact the radiation 
shielding lid 202 or the first radiation shielding tub 210 before it can come in contact 
with the first circuit die 206. This reduces the likelihood of failure of the first circuit 
die 206. The second radiation shielding tub 212 and the radiation shielding bottom 
204 function similarly to the first radiation shielding tub 210 and the radiation 
shielding top 202. 

[0032] The angle 222 demonstrates that ionizing radiation and x-rays coming from a 
previously unprotected direction (see, e.g., Fig. 1) will come into contact with either 
the radiation shielding bottom 204 or the second radiation shielding tub 212 before 
contacting the second circuit die 208. Previous radiation shielding devices (see, e.g., 
Fig. 1 ) were designed only to shield from ionizing radiation and not from x-rays. The 
current design is designed to protect from both ionizing radiation and from x-rays. It 
is important that the current inventive device shield from x-rays coming from all 
angles as x-rays can come from a point source, such as a man-made nuclear 
detonation. Thus, the first radiation shielding tub 210 is designed such that x-rays 
coming from a point source will not destroy or damage the first circuit die 206. 

[0033] In one embodiment of the present invention, the first radiation shielding tub 210 
is a thickness and composition of material chosen such as to reduce the x-ray level at 
the first circuit die 206 below the total dose tolerance of the first circuit die 206 for 
the expected radiation environment. In the case the circuit device will be exposed to 
both natural space ionizing radiation and man-made x-rays, then both types of 
radiation are considered in determining the radiation environment. The radiation 
environment will be used to determine the thickness and material of the first radiation 
shielding tub 21 0 the second radiation shielding tub 212, the radiation shielding lid 
202, and the radiation shielding bottom 204. 

[0034] 

In accordance with one method of determining the material and thickness of the 
first radiation shielding tub 210, the first circuit die 206 is tested for it's tolerance to 
dose rate effects and it's total dose tolerance. Typically CO-60 gamma radiation 
sources are used to determine the total dose tolerance. High Flux Electron beams are 
used to determine the electronic circuits dose rate tolerance. Next the material and 
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thickness required for the shielding is then determined by running transport modeling 
code for the expected mission radiation spectrum through shielding material. Third, 
the amount and type of material is then chosen such that the amount of x-rays 
transported through the material is less then the total dose and or dose rate tolerance 
of the first circuit die 206. This protects the first circuit die 206 from receiving an 
amount of x-rays which would exceed the total dose tolerance of the first circuit die 
206. This process is repeated for the second circuit die 208 and the second radiation 
shielding tub 21 2. 

[0035] Advantageously, the radiation shielding top 202 and the radiation shielding 

bottom 204 can be formed from a high Z material such as osmium, iridium, platinum, 
tantalum, gold, and tungsten. In general, any high Z material may be employed having 
an atomic number of 50 and above. More preferably, the range of atomic numbers can 
be between 60 and 100, inclusive. The most preferred range of atomic numbers is 
between 73 and 79, inclusive. 

[0036] Alternatively, the radiation shielding top 202 and the radiation shielding bottom 
204 can be made from a multiple layer shielding composition comprising a high Z 
layer and a low Z layer. Advantageously, the radiation shielding top and the radiation 
shielding bottom can be made from a multiple layer shielding composition comprising 
a high Z layer interposed between an outer low Z layer and an inner low Z layer. This 
configuration is an optimal shielding geometry for a geosynchronous orbit. The high Z 
layer is effective in stopping electrons and Bremsstrahlung radiation, while the low Z 
material is more effective in stopping protons. A geosynchronous orbit is dominated 
by trapped electrons, so it is preferable that the high Z layer is thicker than the two 
low Z layers. 

[0037] The low Z layer is preferably selected from the group consisting of copper, nickel, 
carbon, titanium, chromium, cobalt, boron, silicon, iron and nitrogen. In general, any 
suitable low Z material may be employed having an atomic number of 30 and below, 
but the most preferred low Z materials are selected from the group consisting of 
copper, nickel, carbon, iron, titanium, silicon, and nitrogen. 

[0038] The ra diation shielding top 202 and the radiation shielding bottom 204 are of a 
sufficient thickness to shield the first circuit die 206 and the second circuit die 208 
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from an amount of radiation greater than the total dose tolerances of the first circuit 
die 206 and the second circuit die 208. This packaging is further described in U.S. 
Patent No. 6,262,362 B1 , of Czjakowski et al., for RADIATION SHIELDING OF THREE 
DIMENSIONAL MULTI-CHIP MODULES, incorporated herein by reference as if set forth 
in its entirety. 

[0039] In accordance with a method for determining a shielding thickness, first, the total 
dose tolerances of the first circuit die 206 and the second circuit die 208 are 
determined. This test can be accomplished by a Cobalt-60 source or other 
irradiation source. Without the knowledge of what the inherent radiation tolerance is 
for the individual semiconductor device, the designer does not know how much or 
whether shielding is necessary. 

[0040] Second, the radiation environment to which the first circuit die 206 and the 

second circuit die 208 will be exposed to is determined. This involves determining the 
radiation spectrum and dose depth curve of the particular mission or radiation 
requirement of the application. For orbits around the earth, this is calculated using 
conventional radiation transport codes in conjunction with conventional radiation 
spectrum tables. Alternatively, any known radiation environment can be modeled and 
subsequently a dose depth curve created for the modeled environment. 

[0041] 

The next step involves determining the thickness and materia! of the radiation 
shielding top 202 and the radiation shielding bottom 204 such that the first circuit die 
206 and the second circuit die 208 will not be exposed in the determined radiation 
environment to an amount of radiation greater than the total dose tolerances of the 
first circuit die 206 and the second circuit die 208, respectively. Once you know the 
total dose tolerances of the first circuit die 206 and the second circuit die 208 and the 
dose depth curve of the radiation environment, the amount of shielding required can 
be determined to bring first circuit die 206 and the second circuit die 208 within the 
tolerance. A suitable process for determining shielding thickness in accordance with 
the present embodiment is described in U.S. Patent No. 6,261 ,508, of Featherby et al., 
for a METHOD FOR MAKING A SHIELDING COMPOSITION, incorporated herein by 
reference as if set forth in its entirety. Another method involves using the above 
mentioned modeling code to generate a dose versus depth curve in which the amount 
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of shielding required to bring the total dose level under the electronic circuits total 
dose tolerance level is determined. The package shielding is then analyzed by 
comparing the amount of radiation from all directions and the amount of shielding 
that is supplied from each of those directions. The radiation at the electronic device 
level is the summation of all the different angles normalized for the package area. 

[0042] The first radiation shielding tub 210 and the second radiation shielding tub 212 
are also made from a high Z material. The material is chosen to shield from x-ray 
radiation. In one instance, x-ray radiation is generated by man-made events occurring 
from point sources. For example an nuclear detonation will create a point source for 
x-ray radiation. This type of radiation is distinguished from the natural ionizing 
radiation found in space in that it is generated in a burst occurring in less than a 
microsecond (instead of coming randomly over time) and it comes from one direction 
(rather than being isotropic). In one example, a nuclear detonation in space could 
come from any direction. Therefore, since the direction from which a burst of x-ray 
will occur can't be predetermined, the entire package has to be shielded from all 
directions, i.e., 360 degrees, three dimensions. Advantageously, the first radiation 
shielding tub 210 and the second radiation shielding tub 212 shield the first circuit 
die 206 and the second circuit die 208, respectively, from the previously unprotected 
side angles, i.e., side angles not previously protected from x-ray radiation of a level 
sufficient to damage the circuit die. 

[0043] Advantageously, x-ray radiation can be shielded by a thinner piece of high Z 
material than is required, for example in the radiation shielding lid 202 or in the 
radiation shielding bottom 204 to shield the circuit die from ionizing radiation in 
excess of the circuit die's total dose tolerance. Unlike with ionizing radiation, such as 
is present in a space environment, the ability to shield an x-ray is much more 
dependent upon the type of material used, as opposed to the thickness of the 
material. Therefore, the high Z material chosen must shield x-rays, however the 
thickness of this material is thinner than the thickness of, for example, the radiation 
shielding top 202 or the radiation shielding bottom 204. 

[0044] 

One example of shielding for x-rays would use a CuW (Copper Tungsten) alloy 
shield that is at least 3 mils thick from every angle. For structural integrity there is 
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typically at least 1 5 mils thick of CuW. Additionally, since these parts also have to 
meet the total requirements of the natural space environment most part require at 
least 1 5 mils of CuW shielding. The minimal thickness of the first radiation shielding 
tub 210 is determined by running the x-ray spectrum and fluence through the x-ray 
transport modeling code discussed earlier. 

[0045] Prior art shielding devices such as shown in Fig. 1 can not effectively shield from 
x-rays coming from a point source within the line of sight angle 1 1 2. Additionally, 
prior art shielding devices, such as shown in Fig. 1, were designed to shield only 
ionizing radiation. The high Z material is chosen at a thickness to shield the circuit die 
such that an amount of ionizing radiation received by the circuit die is less than the 
total dose tolerance of the circuit die. In the prior art shielding device such as shown 
in Fig. 1 , the base 1 1 0, although not a high Z material is thick enough to help shield 
the ionizing radiation coming from within the angle 1 12 such that the circuit die is not 
exposed to an amount of ionizing radiation greater than the total dose tolerance of 
the circuit die. However, the base 1 1 0 would not be able to shield from x-rays coming 
from within the angle 1 1 2. In contrast, the current inventive device is designed to 
shield from both ionizing radiation and x-ray radiation. The first radiation shielding 
tub 210 and second radiation shielding tub 212 have a thickness (and more 
importantly, a material composition) selected such that the first circuit die 206 and 
the second circuit die 208 will be protected from any x-rays coming from an angel 
which is not shielded by the radiation shielding top 202 or the radiation shielding 
bottom 204. 

[0046] The first spacing ring 216 and the second spacing ring 21 8 are made from a high 
or low Z material depending on the radiation tolerance of the part and the radiation 
spectrum. The height of the sidewalls of the first radiation shielding tub 210 and the 
second radiation shielding tub 212 may be increased or decreased in order to make 
sure there is no line of sight angle through which radiation could come in contact with 
the first circuit die 206 or the second circuit die 208. 

[0047] Fig. 3 illustrates another embodiment of a shielding package with no line of sight 
path for radiation to the integrated circuit. Fig. 4 illustrates a top view of the shielding 
package of Fig. 3. 
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[0048] Fig. 3 shows a radiation shielding lid 302, a radiation shielding tub 304, a 

radiation shielding bottom 306, a circuit die 308, a base 310, a plurality of conductors 
312, and a plurality of pin connectors 314. 

[0049] The radiation shielding tub 304 is coupled to the base 310. The circuit die 308 is 
coupled to the inside of the radiation shielding tub 304. The radiation shielding top 
302 is also coupled to the base 3 1 0. A plurality of conductors 312 are coupled to the 
circuit die 308 and to the plurality of pin connectors 314. The radiation shielding 
bottom 306 is coupled to a bottom of the base 310. 

[0050] The radiation shielding top 302, the radiation shielding bottom 306 and the 

radiation shielding tub 304 are all high Z material, as describe above, or alternatively 
layers of high Z and low Z material. The radiation shielding top 302 and the radiation 
shielding tub 304 are positioned such that there is no line of sight angle which 
radiation could hit the circuit die 308. Thus, radiation coming from any angle must 
contact the radiation shielding top 302 or the radiation shielding tub 304 before it 
could come in contact with the circuit die 308. This reduces the likelihood of failure of 
the circuit die 308. The radiation shielding bottom 306 provides additional shielding 
for the circuit die from ionizing radiation. 

[0051] The radiation shielding top 302 and the radiation shielding bottom 306 have a 

thickness chosen to shield the circuit die from ionizing radiation. The thicknesses are 
determined such that the circuit die 308 is not exposed to an amount of ionizing 
radiation greater than the total dose tolerance of the circuit die 308. 

[0052] The circuit die 308 is positioned within the radiation shielding tub 304 such that 
radiation coming from an angle between the radiation shielding top 302 and the 
radiation shielding bottom 306 will have no line of sight path to the circuit die 308. 
The radiation shielding tub 304 is a high Z material and is a thickness designed to 
shield the circuit die 308 from x-rays. In one embodiment, the radiation shielding tub 
304 is designed to shield from x-rays coming from a point source, such as a nuclear 
detonation. 

[0053] 

As discussed earlier high Z materials are typically better at shielding x-rays while 
the natural space environment is comprised of electrons, protons and heavy ions of 
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which the shielding effectiveness of a material varies depending on the relative 
composition of these types of radiation in the spectrum. Thus, in one embodiment of 
the present invention the radiation shielding tub 304 will be a high Z material, while 
the radiation shielding top 302 and the radiation shielding bottom 306 will be either a 
high Z material or a combination of high Z and low Z layers. 

[0054] Fig. 5 illustrates another embodiment of a shielding package with no line of sight 
path for radiation to a plurality circuit die. Fig. 6 illustrates a top view of the shielding 
package shown in Fig. 5. 

[0055] Fig. 5 shows a radiation shielding lid 402, a radiation shielding tub 404, a 

radiation shielding bottom 406, plurality of circuit die 408, a base 41 0, a plurality of 
conductors 412, and a plurality of pin connectors 414. 

[0056] Fig. 5 is similar in function and structure to Fig. 3. However, Fig. 4 shows an 

embodiment with the plurality of circuit die 408 coupled to the base 410. Figure 4 
provides shielding for the plurality of circuit die 412 in one radiation shielding tub 
404. 

[0057] In this configuration, the total dose tolerance of the most sensitive of the plurality 
of circuit die 408 may be used in determining the thickness of the radiation shielding 
top 402 and the radiation shielding bottom 406. 

[0058] Fig. 7 illustrates a shielding package formed with a coating layer. Fig. 8 illustrates 
a top view of the shielding package of Fig. 7. 

[0059] Fig. 7 shows a radiation shielding top 502, a base 504, a base cavity 506, a 

radiation shielding coating layer 508, a radiation shielding bottom 510, and a circuit 
die 512. 

[0060] The base 504 is formed with the base cavity 506. The radiation shielding coating 
layer 508 is formed inside of the base cavity 506 and on the side walls of the base 
cavity 506. The circuit die 512 is then coupled to the radiation shielding coating layer 
508. The radiation shielding top 502 is coupled to the top of the base 504. 
Advantageously, the radiation shielding bottom 510 is coupled to the bottom of the 
base 504. 
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[0061] The radiation shielding coating layer 508 is described in U.S. Patent No. 6,261,508 
Bl , of Featherby et al., for a METHOD FOR MAKING A SHIELDING COMPOSITION, 
incorporated herein by reference as if set forth in its entirety. In one example the 
radiation shielding coating layer 508 is comprised of 10.0 parts by weight high tap 
density tungsten powder, 0.1 5 parts by weight premixed epoxy, and up to 0.50 parts 
by weight ketone. The tungsten powder serves as a high Z material for shielding the 
x-rays. The epoxy serves as a binder to help adhere the composition to a surface, and 
the ketone is added as an extender. It is to be understood that the previous example 
of the coating material is given to aid in understanding the invention but is not 
intended as a limitation on the present invention. 

[0062] The radiation shielding coating layer 508 provides shielding from x-rays for the 
circuit die 512. The radiation shielding coating layer 508 shields the circuit die 512 
from side angle radiation not blocked by the radiation shielding top 502 or the 
radiation shielding bottom 510. 

[0063] The radiation shielding top 502 and the radiation shielding coating layer 508 are 
formed such that there is no line of sight angle which radiation could hit the circuit 
die 5 1 2. Thus, radiation coming from any angle must contact the radiation shielding 
top 502 or the radiation shielding coating layer 508 before it would come in contact 
with the circuit die 5 1 2. The radiation shielding bottom 5 1 0 provides additional 
shielding for the circuit die 512 from radiation. The radiation shielding coating layer 
508 is selected at a thickness and material to shield from x-rays. 

The radiation shielding top 502 and the radiation shielding bottom 510 are 
designed to shield the circuit die 512 from ionizing radiation. The radiation shielding 
top 502 and the radiation shielding bottom 510 are made of the high Z material which 
was described previously in the discussion of Figure 2. 

Fig. 9 illustrates a shielding package formed with coating layer and separate side 
coating layers. Fig. 1 0 illustrates a top view of the shielding package of Fig. 9. 

Fig. 9 shows a radiation shielding top 602, a base 604, a base cavity 606, a 
radiation shielding coating layer 608, a canal 610, a side radiation shielding coating 
layer 612, a radiation shielding bottom 614, and a circuit die 616. 
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[0067] The configuration in Fig. 9 is similar to Fig. 7, except for the canal 61 0 and side 

radiation shielding coating layer 61 2. The side radiation shielding coating layer 61 2 is 
the same material as describe in the above discussion of Fig. 5 with reference to the 
radiation shielding coating layer 508. The side radiation shielding coating layer 612 
shields from x-rays in the same way as the side walls of the radiation shielding 
coating layer 508 of Fig. 7. 

[0068] The base 604 is formed with the base cavity 606. The radiation shielding coating 
layer 608 is formed inside of the base cavity 606. The circuit die 616 is then coupled 
to the radiation shielding coating layer 608. The canal 610 is formed in the base 604. 
The side radiation shielding coating layer 61 2 fills the canal 61 0. The side radiation 
shielding coating layer 61 2 and the radiation shielding coating layer 608 provides 
shielding from x-rays for the circuit die 61 6. 

[0069] While the invention herein disclosed has been described by means of specific 
embodiments and applications thereof, other modifications, variations, and 
arrangements of the present invention may be made in accordance with the above 
teachings other than as specifically described to practice the invention within the 
spirit and scope defined by the following claims. 
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